U013501-7 



(12) 



UK Patent Application n»GB „„ 2 1 95 1 78n3,A 



(43) Application published 30 Mar 1988 



(21) Application No 8718539 

(22) Date of filing 5 Aug 1 987 



(30) Priority data 

(31) 2086/86 



(32) 5 Aug 1986 



(33) IE 



(71) Applicant 

Brannieigh Associates Limited 

(incorporated in Irish Republic) 

88 O'Conneil Street, Limerick, Republic of Ireland 

(72) Inventor 

John Mallon 

(74) Agent and/or Address for Service 
Marl<s 8t Clerk, 

Alpha Tower. Suffolk Street Queensway, Birmingham 
81 ITT 



(51) INT CL* 

G01B 11/06 11/24 11/30 GDI N 21/90 

(52) Domestic classification (Edition J): 

G1 A A2 A4 A9 AJ C12 CI C5 D1 EE GIG G12 G17 G1 G2 
G6 G7 G8 MA P14 P15 P16 PI R7 T14 T26 T3 T8 T9 
U1S 1386 1650 1787 1808 1810 2145 2158 2159 2194 
G1A 



(56) Documents cited 
GB A 2182436 
G8 1420298 



GB 1348978 
US 4120590 



US 3994586 



(58) Field of search 
G1A 

Selected US specifications from IPC sub-classes G01 B 
G01N 



(54) Glass object inspection 

(57) A method and apparatus for analysing physical features of a glass object. The apparatus comprises a 
light projector (5) for directing a slit of light at a glass object (2), and an oscillating mirror (7) for directing 
light reflected from the object in a scanning movement to a linear array camera (10). The apparatus is 
connected to control and recording equipment (12). The apparatus distinguishes light reflected from 
different surfaces of the glass object as separate inner and outer images, and analyses these images to 
determine the physical features of the glass object. The physical features may include thickness, profile 
and surface irregularity and the presence or absence of faults. 
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SPECIFICATION 

Improvements in an relating to glass inspection 

oa^t-fln shTd d inking Sass, vase, bowl or decanter, and in particular glass objects which are 
Kbseque^tt wS for cut glass and the like. Hereinafter they are generally referred to as 

10 ^'Th'e°term'"physical features" is intended to cover the profile, tWckness and ^o.-^Pf °[^^ 
qiass obfe^t and in particular, the presence or absence of faults. Faults can be s.mply a^r holes, 
occlusions or foreign matter on an outer surface, an inner surface or intermediate the two 

'"?oanicL^ problem* wih cut glass is that the glass which is to be cut is hand-blown and 
cftln hJ^a nu^be S ^ults whk^h mightn't necessarily be present in T^^^^^inemade g ass^ S.nce 
^hl^gS ; subsequently cut ';tj,e corre.^^^^^^^^^ 

tricVsl '?hi^?s oTaH r;p e l^e.lxl^^'^sVsL'^s and recuires'considerable ski.L H^eto 
fo°e it has no been satisfactorily achieved and many glass blanks have to be relucted pnor to 

- S -hSTs^ev- ^t^'^^Z^-^^t^^^^^'S^' 

''Ft^"%KSnels S"the'g/as? blank 'l;rn'be significant as can it's profile. There might not 
be any "fau'li-- as such in the blank but considerable variations in thickness or shape w.th.n the 

method of cheS the thickness of glass, irregularities in glass objects and so on hereinafter 
'TcSinlT?hrinl\mion there is provided a method of analysing the physical features of a 

30 glass object comprising the steps of: 

"""Sy^ing^he outer and inner images to determine various physical ^^f^^^^^^ 
?mher the invention provides a detection apparatus for analysing the physical features of 
glass objects comprising: u-^^*. 40 

" mVa"nTfortnaTy^ing'the outer and inner images to determine various Physical features of the 
ala^s obiect The Sivent^on will be more clearly understood from the following description of an 
ImbodiS thereof g^ven by way of example only with reference to the accompanying drawings 

50 '"fTs'^'i (a) to (i) are diagrammatic views showing the action of a beam of light on a glass 50 
°%'''2 is another view of a beam of light falling on a glass object illustrating thickness 
measurement, ^ ^^^^ impinging on a surface irregularity; 

55 Fig 5 is a perspective stylised and diagrammatic form of an apparatus according to the 55 
invention in use, inspecting a glass object, anoaratus- 
Fig 6 is a plan view showing in diagrammatic form operation of the apparatus 
F n 7 1^ a araoh showing motion of the glass object and of a scanning beam of light, 
Fi^: 8 Is a ?iew showTg'pTrtion of the ef fects of a scan as perceived by a camera used in 
60 the_inventk.n;^ ^ ^^.^^^^^ according to the invention; and 

Fig. 10 is a flow chan of the operation of the apparatus. .u=..aotPri«tirs of a alass 

The present invention provides a method of analysing the Pl^V^'^^^' f/^^^^eS on^^^^^ 
object. The essential principle of the invention is that a ^eam of light is pro^^^^^^^ the 
65 object and then the object is examined by means of a camera or other arrangement 
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the images on the surface of the object. Essentially there will be two images. The first image is 
an outer image which is the image of the beam on the outer surface of the object as it is being 
reflected from that outer surface. The other image is a separate inner image which image of the 
beam is also on the outer surface but this image occurs after the beam of light has been 
5 refracted at the outer surface into the object where it is incident on the next inner surface and is 5 
then reflected from that inner surface and is then refracted at the outer surface again. Essentially 
the method of the invention is based on the analysis of these two images namely, the outer and 
inner images to detect the extent of the physical characteristics of, for example, glass thickness, 
surface irregularities and faults that may appear therein. While an apparatus is described herein- 

10 after for carrying out the readily appreciated by anybody reading the subsequent description of 10 
the apparatus that many other forms of apparatus could be used. 

For a clear understanding of the invention it is important to appreciate the rationale behind the 
analysis of the appearance or absence of these inner and outer images. Fig. 1 illustrates in 
diagrammatic form the principles of the method of the present invention. 

15 Referring initially to Fig. 1(a) there is illustrated how a relatively narrow slit of light from a light 15 
source projected onto the object produces two separate images, namely, an outer image which 
is an image of the beam on the outer surface of the object as it is being reflected from the 
outer surface and an inner image, which is an image of the beam on the outer surface as it is 
being refracted at the outer surface after refraction into the object and reflection from the inner 

20 surface of the object. 20 
Referring to Figs. 1(b) to 1(d) inclusive, it will be seen that if there is a fault on the outer 
surface it will firstly block the inner image as refraction is prevented at the outer surface. As the 
object rotates the fault will then be located between the path of the refracted beam and there 
are two images (see Fig. 1 ( c)). Later both images will be absent as the fault prevents the light 

25 beam from being refracted into the object and from being reflected from the outer surface (see 25 
Fig. 1(d)). 

Considering now the situation in which there is a small fault intermediate the two surfaces, as 
the object rotates it will firstly, block the light beam after it has been reflected from the inner 
surface (see Fig. 1 (e)), and so the inner image is absent. On further rotation both images will be 
30 present as the fault is between the path of the light beam as it is being refracted (see Fig. 1 (f)). 30 
When the object is further rotated the intermediate fault will again block the light beam after it 
has been refracted at the outer surface. The resulting absence of an inner image will be detected 
as being substantially identical to the initial absence of an inner image as the same fault is 
causing it. 

35 An intermediate fault will not always cause two separate, substantially identical absences of 35 
the inner images. 

Referring to Fig. 1(h), the angle of incidence ("i") and the angle of refraction ("r") are shown. 
It will be immediately apparent that any intermediate fault which subtends an angle at the inner 
surface greater than twice the angle of refraction will not cause two identical absences of the 
40 inner image, but merely one. The length ("1") of this fault thus varies depending on the distance 40 
from the inner surface (d) and the angle of refraction. 
This may be expressed mathematically as:- 



1 = 2d tan r 



45 



45 



The critical parameter therefore for inspection is the angle of refraction r. 

Referring now to Fig. 1 (i) there is illustrated the situation where there is a fault on the inner 

surface. This fault wilt cause one absence of the inner image and no absence of the outer 

image. It will be seen that the single absence of an inner image indicates either a fault on the 
50 inner surface or a fault intermediate the surfaces, which fault subtends an angle relative to the 50 

inner surface greater than twice the angle of refraction of the beam within the glass object as 

discussed above with reference to Fig. 1(h). 

The above discussion of fault detection is by its very nature simplistic. It will be appreciated 

that there will be many inspections of the glass object and that this will be carried out by either 
55 indexing the beam relative to the glass object or indexing the glass object relative to the beam. 55 

The extent therefore, of a fault can be ascertained by the number of times a beam is interrupted 

and by the distance between each beam relative to the glass object. 

There are however, other physical properties that should be ascertained such as the thickness 

of the glass object and any surface irregularities. 
60 Referring to Fig. 2, when it is desired to measure the thickness (T) of a wall of a glass object, 60 

this can be readily done by the application- of the following formula: 
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T = t tan i 



10 where 



2 _ 



sin^i 



10 



15 



20 



T = thickness of glass; 

y = relative refractive index: 

i = angle of incidence; and 

t = apparent thickness of glass (separation of images) 



15 



20 



Referring to Fig. 3 there is Illustrated in diagrammatic form the effect of an inner surface 
25 irreguLrity Two beams are illustrated which, needless to say, will only happen when the glass 25 
object has been Indexed. The first beam is shown by the full lines and the second beam .s 
Jiustrated by the interrupted lines. It will be noted that an inner surface .rregularity w I r^ot affect 
the outer Images but will effect the inner images. Cross-over between the images will also 

30 °''Referring to Fig. 4, when there is an outer surface irregularity, it affects both the outer and 30 
inner images as shown. Thus, the analysis of what is happening can be quite compex though .t 
will be appreciated that it is possible by analysis to understand what is happening. It |s thus 
possible to programme the detection apparatus to make the necessary discrimination between 
the various types of surface irregularities etc. ... ^ -^^t^^*^^ ' oc 

35 Referring to Fig. 5 onwards of the drawings there is illustrated a detection apparatus, indicated 35 
qenerally by the reference numeral 1 for carrying out the method of the present invention, 
namely, analysing the physical features of a glass object, identified in the d^aw'ngs by the 
refere^^e numeral 2. The detection apparatus 1 comprises a turntable 3 ^0"" «d on a base 4 
operated by a stepping motor (not shown). The detection apparatus 1 further includes a light 

40 projector 5 having a casing with a narrow vertical aperture 6 to form a narrow beam or slit of i40 
nght i rrJrror 7 is mounted on a vertically arranged pivot arm 8 which is oscjated by a motor 
not shown- mounted in a casing 9. A linear array camera 10 is mounted on the base 4 as is an 
Tnk jet g"n 11. The camera 10 is a linear array camera in the form of a vertical longitudmal sh 
with discrete light sensitive elements. The apparatus is connected to suitab e control and record- 

45 ing equipment 12 shown in block diagrammatic form. As the mirror 7 oscillates >t; effecj' 
traverses or sweeps across a field of view of the glass object 2. For a drinking Of ^ blank ^ 
typical field of view has a height of 9" and a width of 0.5". There are two d'Stmct mover^en s, 
the sweep of the mirror 7 and the rotation of the turntable 3 in discrete steps. The sweep of 
he mirror 7 is illustrated in Fig. 6. Two sweep lines are illustrated identified by the I'^^s 16 and 

50 16a7or mirror positions 7 and 7a respectively. A slit of light 17 is then directed tcwards the 

camera 10, not shown in Fig. 6. . u . 4 

Fig 7 illustrates against time the scanning mirror 7's displacement and the rotation of the 

^'Re'fer^rfg^trRg'Vscar^nes are identified by the reference numeral 20 and differentiated by 
55 different subscript letters as required. Each scan line 20 represents one image in the P'Cture 
elements of the camera 10 of the glass object 2 identified by a particular register e erence 
position. Each scan line 20 has a camera address which is unique to it as will exp a ned 
hereinafter. The distance between the scan lines 20a and 20b represents the width of the field 
of view of the camera. The height of the field of view is shown on the vertical ^'^'^^"d in one 
60 embodiment is 9" with a width 0.75". The camera has vertical and horizontal '■^solutions o Jy 60 
= 9 thousandths and S. = 5 thousandths of an inch re=P«=tively. For this resolution a^^^^^^^^^ 
(9" X 9/1000") picture elements are required and one hundred and fifty (0.75 x D/ luuu ) 
scan lines are required. Accordingly, for an exposure time of 60 fis, the time "^e" for the 
camera to scan one field of view is 9 ms (150 lines x 60 ^s/line). This gives a desired 
65 seining frequency of 55 Hz for the mirror 7. The rotational resolution of the camera 10 is 65 
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0.25° and therefore the object 2 should rotate in at least 1,440 {360*/0.25*') steps per complete 
revolution. In practice, it has been found that a stepping motor having 2000 steps per revolution 
is satisfactory, even though this means that the glass object 2 will rotate while a field of view is 
being scanned. 

5 Referring again to Fig. 6 the width of the light slit 15 is not a very critical parameter, at the 5 
same time it must be understood that: 

(a) for precision, the light slit 15 should be as narrow as possible; and 

(b) the light slit 15 should be wide enough to cover approximately 10 picture elements so that 
noise superimposed on the signal, and blur due to mirror and glass movement do not affect the 

10 detection of light; and 10 
Referring to Fig. 8, at the scan line 20c at the height indicated by the reference numeral 40, 
there will be a change from darkness to brightness due to an inner image. The next change is 
from brightness to darkness at 41. The brightness detected between 40 and 41 is due to the 
width of the inner image. The outer image from the outer surface is seen higher up on the scan 

15 line 20c at 42 and 43. 15 
The signal from the camera 10 is transmitted to a signal pre-processing unit in the control and 
recording equipment 12, which unit filters, amplifies and windows the video signal so that only 
selected parts of the image frame are analysed and a clear, strong signal is passed on for 
further processing. Edges or contours of the reflection images are then detected and narrow, 

20 spurious reflection images are eliminated, A computer, also forming part of the control and 20 
recording equipment 12 stores positions of edge points of the glass object. This information is 
then used to calculate defect positions in terms of, for example, vertical position, angular 
position and dimensions. 

Referring to Fig. 9{a) there is Illustrated in printout form the record of the camera images. Note 

25 that these are Illustrated for ease of understanding but do not correspond physically to the scan 25 
lines 20c and 20d shown in Fig. 8. The horizontal scale at the bottom of Fig. 9(a) gives the 
camera addresses, indicated generally by the reference numeral 21, for the scan lines 20. The 
main point to appreciate Is that the changes in light received by the camera in the scan line 20c 
having an address at 21c is the inner image between 40 and 41 the outer image between 42 

30 and 43. It should also be noted that the direction of sweep in Fig. 8 is from right to left for the 30 
printout of Fig. 9(a) and in the opposite direction for the printout of Fig. 9(b) and so on. 

Referring to Figs. 9(b) to 9(1) respectively, there is illustrated a fault causing a break In an 
inside reflection, for example, as identified by the arrow B in Fig. 8. The faults shown in Figs. 9 
and 8 are not the same fault. 

35 Fig. 9(b) shows the beginning of what appears to be some fault from an inside reflection 35 
which can be seen and identified by the arrow A. This becomes more pronounced in Fig. 9(c) 
and is now In Fig. 9{d) is identified by a complete break in the light which continues in Fig. 9(e) 
and 9(f) through Figs. 9(g) and 9(h) where It is beginning to disappear. In Fig. 9(i) it has almost 
disappeared. 

40 Essentially, what Is done is the curvature is analysed and stored and compared to the next 40 
curvature to see has there been an unacceptable change. As can be seen from Fig. 9 there is 
usually a warning of defect. 

To ensure that an acceptable level of accepted rejection is achieved a sample of a number of 
different glass objects or blanks of the same shape are analysed so that acceptable and 
45 unacceptable defects can be classified and compared and categorised. 45 
Fig, 10 illustrates in flow diagrammatic form one way in which the invention can be carried 
out. The diagram is largely self-explanatory, however, some comments are appropriate. 

The first operation which the computer forming part of the control and recording equipment 
12 performs is to find the first and the last data words in a data string (consisting of reflection 
50 contour positional information) which belong to the same image frame and determine whether 50 
that frame had been obtained for a clockwise ('Up' frames) or an anti-clockwise ('Down' frames) 
rotation of the mirror 7. This can be done by checking special code characters embedded in the 
information about the reflections. 
The Up frames are then analysed in the normal fashion, line after line starting at the topmost 
55 part of the Image and the Down frames are analysed starting from the bottom part of the 55 
image. 

The next operation consists of splitting the combined images into two separate arrays and 
finding the outside edge positions for the outer image and the inner edge positions for the inner 
image. These two lines form the description of the glass shape. 

60 Crystal glass, being a hand produced product, does not have a totally predictable shape which 60 
can be described mathematically. There are variations in glass height, inclinations of the sides, 
surface irregularities and variations in the thickness. It Is not possible to produce a universal 
template of glass shape and then compare the shapes of the outer reflections of inspected 
glasses with the template. Accurate templates for Inner reflections can not be produced due to 

65 significant variations In glass thickness. 65 
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' „, 3 qlass unde, Inspscion mus, be produced contwouel,, (ron, ,he 

6 W Sch smoSthed image '^'Ta^re „Cas* w3 there Ire no fe*s end larger, w„h 

■d fferenoe- signal which is small in tlie °' 3" ,^ 5 -lass is defective. 

ampSZes inlreasing with the ^"J'4'-;;",j;,%rp^^^^^^ I, calculating the power In ttie 

di5ii;^rr?orJ'^'^erf"2§^^oeS,£- - 

-SC'orl'n^STiTfS^^^^^^^ 

'Iliirr^Ses o, the power s.gn=l. - ^^^^ ^ Jrefith^lg^ 
rbnt^a^Iimr 5°l"^iMf ^e^^^^^ , , .ade that a ,au,. Is 

95 bu a n?rrow^9 or total blockage of the .mage_ , ,3^16. After the 

MResuks obtained from the analysis of each frame a^e ^^^^^^^^^^ to eliminate small spunous^ 

scaling of a glass has beer, completed e-u^ts ^ Y^^ ^^^.^3, ^,,,„„3 3,d to 

•defects', to calculate the extent of each .^.^^'Vur^^de or intermediate the glass surfaces. 

cfeterrSfne whether the fault is - J^^^^.j^^e^^ ^ described but may be varied .n 30 

30 The invention is not limited to the emooaime 

construction and detail. 

^S^fmethod o, anawsing the phvslcal features o, a glass oPiec, comprising the steps o,: 
- SLT^Sesr ou,tr?mre"-ta*o^the heam on the outer surface o, the oh,e=t as ,s 
bJinq reflected from the outer surface; outer surface as it is being 

50 5 A method as claimed in any of C'a'ms 1 to 3 'n which n ^^^^^^^ .^^^^ ^^^^^ 

'° fonowed by an inner image, and ^Ijf "J/^^S ft,t tub ^"^^ 

ndicates a fault intermediate the surfaces wh^ch tauit ^^^^^^^ 

^-^rhTasi^^^^^^ 

- Srffult%rend"s^^^^ = ^relS th?« .eater than twice the angle of 
Stion of the beam within the g'ass obl^^- ^ ^^ich the additional step of 

7 A method as claimed in any of t-iaims , . j performed, 

physically marking the location of a fault on f^J^^^^^S^^,, Xhich, when it is desired to cut 
SO 8. A method as claimed in any of C^-rns * to 7 indus ^^^^^^ ^3,,, detected with a 

give an optimum location of the Pa«ern on the g^ss. ^^.^^^^^^^ object can be 

65 10. A method as claimed in any preceding claim 
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obtained by the steps of: 

measuring the thickness of the beam; and 

recording the angle of Incidence of the beam on the glass object. 

11. A method as claimed in Claim 10 in which the thickness of the beam is 



t tan 1 



10 V7-=-siH^ 



where 

15 15 

T == t-hickness of glass; 
20 ^ -= relative refractive index; 20 

i = angle of incidence; 

t = thickness of light beam (separation of images) 
25 25 

12. A method of analysing the physical features of a glass object substantially as described 
herein, 

13. A method of determining a cutting pattern for a glass object substantially as described 

30 herein. 30 

14. A detection apparatus for analysing the physical features of glass objects comprising: 
a light projector for directing a beam of light onto the glass object; 

means for detecting as an outer image the image of the beam on the outer surface of the 
glass object as it is being reflected from the outer surface; 
35 means for detecting as a separate inner image the image of the beam on the outer surface as 35 
it is being refracted at the outer surface after refraction into the object and reflection from the 
next inner surface; and 

means for analysing the outer and inner images to determine various physical features of the 
glass object. 

40 15. A detection apparatus as claimed in Claim 14 in which the means for detecting the images 40 
comprises in combination a linear array camera and an oscillating mirror for scanning the object 
to direct the image of the object into the camera. 

16. A detection apparatus as claimed in Claim 14 or 15 in which the glass object is mounted 
on an indexing table, 

45 17. A detection apparatus as claimed in any of Claims 14 to 16 in which there is provided an 45 
apparatus for physically marking the glass object when a fault is detected. 

18. A detection apparatus as claimed in Claim 17 in which an ink jet printer is provided. 

19. A detection apparatus for analysing the physical characteristics of a glass object substan- 
tially as described herein with reference to and as illustrated in the accompanying drawings. 
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